Abstract
Spatial and temporal evolution of the uppermost convecting mantle plays an important role in determining histories of magmatism, uplift, subsidence, erosion and deposition of sedimentary rock. Tomographic studies and mantle flow models suggest that changes in lithospheric thickness can focus convection and destabilize plates. Geologic observations that constrain the processes responsible for onset and evolution of shallow mantle convection are sparse. We integrate seismic, well, gravity, magmatic and tomographic information to determine the history of Neogene-Recent (< 23 Ma) upper mantle convection from the Cape Verde swell to West Africa. Residual ocean-age depths of +2 km and oceanic heat flow anomalies of +16±4 mW m −2 are centered on Cape Verde. Residual depths decrease eastward to zero at the fringe of the Mauritania basin. Backstripped wells and mapped seismic data show that 0.4-0.8 km of water-loaded subsidence occurred in a ∼ 500 × 500 km region centered on the Mauritania basin during the last 23 Ma. Conversion of shear wave velocities into temperature and simple isostatic calculations indicate that asthenospheric temperatures determine bathymetry from Cape Verde to West Africa. Calculated average excess temperatures beneath Cape Verde are > +100
• C providing ∼ 10 3 m of support. Beneath the Mauritania basin average excess temperatures are < 100
• C drawing down the lithosphere by ∼ 10 2 to 10 3 m. Up-and downwelling mantle has generated a bathymetric gradient of ∼ 1/300 at a wavelength of ∼ 10 3 km during the last ∼ 23 Ma. Our results suggest that asthenospheric flow away from upwelling mantle can generate downwelling drips beneath continental margins.
Temperature from shear wave velocities and isostasy

90
To estimate the thermal state of the mantle beneath West Africa and Cape layer of thickness h can be calculated using
where T • is the background temperature, which we set to 1330
• C, and α
105
is the thermal expansion coefficient (Rudge et al., 2008) . Note that this 106 calculation is insensitive to assumed background temperature because α 1.
107
For example, a 100
• C change in background temperature changes calculated 108 uplift by ∼ 1 m.
> 400 km from the West African margin onto the Cape Verde Rise ( Figure 4A ). The seabed, sediment-basement interface and oceanic Moho are easily 115 identified ( Figure 4B ). We interpret the prominent intra-crustal impedance Figure 4B and are plotted in Figure 1A along lines on a 10 × 5 km grid with record lengths of 8-10 seconds two-way time.
130
The wells are located in the north, center and south of the Mauritanian basin on the well and seismic data.
138
Backstripping for subsidence histories
139
The subsidence history of the Mauritania basin was calculated by backstrip-
140
ping the eight wells in our inventory. First, check-shot data from each well 141 were used to determine compaction of sediment as a function of depth, z
142
( Figure 5 ). Porosity, φ , was parameterized using Athy'17s (1930) formula-
The initial porosity, φ • , and compaction wavelength, λ, were constrained 145 using a simple empirical relationship between velocity as a function of depth,
146
v(z), and compaction, such that
where v w is pore fluid velocity and v sg is solid grain velocity (Wyllie et al., 148 1956 ). For seawater, v w = 1.5 km s −1 . We assume that v sg = 5.5 ± 0.5 km 149 s −1 , which is appropriate for a mixture of sand and clay (Christensen, 1982) .
150
Since two-way time, t = 2 z 0 dz/v(z), we can combine Equations (1) and (2) 151 to obtain
We seek minimum root-mean-squared (rms) misfit between observed and 
to obtain
z 4 is solved by the Newton-Raphson method. We calculate water-loaded 160 subsidence assuming a fixed sea level for each well using a simple isostatic
where water loaded subsidence, S w , is expressed as a function of sediment- Sclater & Christe, 1980 raphy for all wells are shown in Figure 7 .
170
Theoretical thermal subsidence mal) subsidence. The thermal subsidence curves, S t (t) in Figure 7 were 173 produced using
where
Parameters and their values are as follows, t = time, τ = thermal time con- Ma; Figure 4 ) was calculated using
which corrects for the effects of compaction. We used the compaction param- (Table   254 1; Figure 7 ; Leckie & Olson, 2003; Vear, 2005; Immenhauser, 2009 indicate that stretching beneath all wells was modest (β < 1.5; Figure 7 ).
261
Cenozoic subsidence at the northern and southern fringes of the Mauritania 262 basin is very low (Figure 7 ). In contrast, wells in the center of the basin record Haq et al., 1987; Miller et al., 2005) .
288
The backstripping performed (e.g. Figure 7 ) assumes that the Mauritania 
10
We set mantle and water densities to ρ m = 3300 and ρ w = 1000 kg m show that loading from Cape Verde could not have generated the Neogene 307 subsidence observed ∼ 700 km away in the Mauritania basin ( Figure 8D ). • C used to map lithosphere-asthenosphere boundary (see Figure 9 ). Dashed line = dry peridotite solidus (Fitton et al., 1991) . (F-17G) Velocities and calculated temperatures beneath the Cape Verde Rise. (Figure 1 ). Bestfitting compaction parameters (initial porosity, φ • , and compaction wavelength, λ) were determined by minimizing misfit between observed check shot data and calculated timedepth curves (red lines; Figure 6 ). We estimate mantle temperatures from shear waves using three techniques 526 adapted from Priestley & McKenzie (2006 , 2013 and Goes et al. (2012) . K, P r = 1.5 × 10 9 Pa. Note that Equations 18-22 in their paper can also be 561 used to determine V s (P, T ).
562
We find that calculated lithospheric geotherms are similar to those from 
